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Biochemical validation of the smoking status is of interest in association with smoking cessation. The most extensively used indicators of tobacco smoking are thiocyanate (SCN), carbon monoxide (CO), and cotinine (COT), which can all be monitored in various body mediums.
Thiocyanate is a metabolite of hydrogen cyanide (HCN), which is a component of tobacco smoke. Thiocyanate is usually also present in nonsmokers, resulting from environmental and endogenous sources. In the metal industry HCN can be found in the working atmosphere. Some intestinal tract bacteria are also known to produce HCN. ' The level of SCN found may vary with the season of the year resulting from variations in the intake of foodstuffs that are known to contain small amounts of SCN, i.e. cabbage, meat, cheese and salad. 2 The half-life of SCN in serum averages 14 days.
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Carbon monoxide in the blood originates to a great extent from tobacco smoke. Katabolism of haeme proteins and combustion products such as passive smoking and automobile exhaust, as well as exposure at different work places, are less significant sources.' plex and eliminated through the lungs. The average half-life of carboxyhaemoglobin is reported to be between 3 and 5 hours, depending on the respiration rate. 4 Cotinine is a primary metabolite of nicotine. The metabolism of nicotine takes place mainly in the liver by hydroxylation and oxidation. Cotinine is primarily eliminated via the kidneys. The half-life of cotinine in plasma is reported to be from 6 to 16 hours.
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Nicotine-containing chewing gum and some insecticides are other possible sources of nicotine and its metabolites in the human body. Cotinine has been considered the most accurate indicator of smoking status. In order to develop a procedure for the biochemical validation of smoking status that minimizes the number of subjects falsely misclassified, we have analysed parallel samples of SCN in serum (s-SCN), CO in expired air (CO-ex), and cotinine in serum (s-COT).
MATERIALS AND METHODS
The study group comprised 450 male subjects, aged 46-65 years, in the county of Telemark who were invited to participate in a smoking cessation programme in 1989. From a survey in 1982/83 we knew that all those invited to participate smoked regularly at that time, and that they had previously been exposed to asbestos in their work." They were invited by mail. The hazards of smoking and asbestos exposure were explained briefly, and a health status check and individual counselling on smoking cessation by a doctor was offered in this letter. A detailed questionnaire on smoking habits was enclosed. Approximately 320 subjects accepted the invitation and made an appointment. The information on smoking habits was checked during a comprehensive interview. The weekly tobacco consumption for those who rolled their own cigarettes (ownrollers) and pipe smokers was estimated by calculating one packet of tobacco as 50 grams. For smokers of manufactured cigarettes, one cigarette was counted as 1 gram of tobacco. During the consultations 145 randomly selected male subjects were venepunctured, 127 smokers and 18 nonsmokers. Eleven of the nonsmokers had stopped smoking during the period from 1982 to 1989, and made an appointment only to get a health status check. In addition, seven colleagues known to be nonsmokers, not participating in the programme, were venepunctured. Serum cotinine was analysed in all 145 and s-SCN in 138 (127 smokers and 11 nonsmokers). The samples were collected between March 1989 and January 1990. In the period from June 1989 to January 1990 CO-ex was monitored in 91 subjects (85 smokers and 6 nonsmokers).
Whole blood was centrifuged within 2 hours of sampling, and the sera were frozen at -20°C within 24 hours. Due to the reduced mail service at weekends some samples were kept cool during the weekend and frozen within 4 days. The sera were subsequently frozen at -70°C within 4 weeks.
Thiocyanate was measured directly in serum as described by Degiampietro et al. l2 the method being adapted to a Cobas Bio centrifugal analyser.
Cotinine was analysed by double antibody radioimmunoassay from the Diagnostic Products Corporation. Serum calibrators ranging from 0 to 2000 ng/ml were made by diluting a urine calibrator (15 000 ng/ml) in a serum pool from known nonsmokers. In the measuring range, serum and urine calibrators showed parallel plots on a logit-log scale, with a slightly higher level of maximum binding of l23 I-labelled cotinine for the urine calibrators. To our knowledge, the kit has only been evaluated for the analysis of urine, though there should be no objections in analysing serum. Therefore we also performed a preliminary study on cotinine in parallel urine (u-COT) and serum (s-COT) samples from 22 subjects. This subgroup comprised 17 randomly selected subjects participating in the programme as well as five of the known nonsmokers. The urine samples were frozen at -20 c C within 2 hours, and at -70°C within 4 weeks. Expired CO was measured by a Bedfont EC50 analyser, a portable monitor with an incorporated alcohol filter. The sample capture is by diffusion when a person exhales through a one-way valve that is directly connected to the instrument. The instrument was calibrated initially and midway through the study. End tidal CO concentration was measured after the subject had held his breath for 15 seconds.
Based on the revealed relationship between the level of the amount of tobacco consumed and the different smoking indicators in the whole group, a further exploration on this matter was desirable. For this purpose a randomly selected subgroup of 44 subjects who had specified their smoking habits in detail during the interview, was analysed. In this subgroup manufactured cigarettes with a tar content > 15 mg were classified as high-yield brands. There is no available information on the tar content for twist or pipe tobacco. Hence, if the brand was named 'light', the brand was classified as medium-yield; all others were classified as high-yield. Brands containing 5-15 mg of tar, or named 'extra light', would have been classified as low-yield.
Statistical Method
The descriptive statistics and the regression analysis were carried out using Minitab, Release 5.1. The analyses on the relationship between the quantity of tobacco smoked and the levels of the smoking indicators were carried out with BMDP Statistical Software (PC90), procedure ID and 6D. The number of subjects misclassified with respect to smoking status by the different smoking indicators and combinations of these was compared with a one-tailed Fisher's exact test.
RESULTS
In the 21 subjects examined, the correlation coefficient between s-COT and u-COT was 0.92 ( Figure 1 ). The regression equation was: s-COT = 52.5 + 0.036 u-COT. The recommended cutoff value for this kit when analysing cotinine in urine is 500 ng/ml. Calculating the regression equation with 500 ng/ml as the u-COT value gave 71 ng/ml as the cutoff value in serum. One of the smokers presented a much lower level of u-COT (1000 ng/ml) than would be expected from the corresponding level of s-COT (420 ng/ml). For reasons discussed later the data for this subject are omitted in the calculations above. for s-SCN and 7 ppm for CO-ex. For s-COT there were no values between 40 ng/ml and 74 ng/ml. The number of misclassifications when using the different methods separately or combined is shown in Table 1 . Misclassification by all the applied methods indicates true misclassification of the smoking status, i.e. a claimed smoker should be classified as a smoker as long as at least one of the applied methods agrees with his statement. None of the participants were misclassified by all three methods. Also, none of the nonsmokers were misclassified by two methods, while varying proportions of the smokers were misclassified by all the different combinations of two methods (see title Table 1 ). The number of misclassifications by one single method serves as the basis for calculating the sensitivity and specificity of that method. Detailed information on the misclassified subjects is given in Table 2 .
In Figure 3 the relationship between the weekly amount of tobacco consumed and the smoking indicators is presented. There was no difference in the levels of s-SCN and CO-ex for subjects who rolled their own cigarettes as compared with all smokers, while ownrollers showed lower levels of s-COT than did all smokers. This difference was not significant as judged from the 95% confidence limits.
The correlation coefficients between tobacco consumption and the levels of the smoking indicators are listed in Table 3 . The subgroup comprised mainly ownrollers (39 out of 44). The mean time since the last cigarette smoked was 1.97 hours (range 0.5-15). Carbon monoxide in expired air showed high and significant correlation coefficients in all the groups, except 
FIGURE 3 The relationship between the tobacco quantity and the level of smoking indicators among all smokers and smokers of twist tobacco. The vertical bars and numbers in parentheses represent 95 % confidence limits for serum cotinine (S-COT). The lowest estimate of s-COT is based on only one person
among those of the subgroup smoking high-yield brands. The finding of low correlation coefficients in the 'high-yield group' is consistent for all the smoking indicators. In the subgroup the indicator for tobacco consumption showing the highest correlation with COex was 'weekly tobacco consumed'.
DISCUSSION
We consider the reported smoking status as true, because the smokers had agreed to participate in a smoking cessation programme. The nonsmokers were either known nonsmoking colleagues, or people who had quit on their own initiative, attending the programme just to get a health status check. Accordingly the misclassifications may be attributed to lack of sensitivity and specificity of the biochemical indicators. This assumption is supported by the observation that no participant was misclassified by all three methods. To some extent the high quality of the smoking information justifies the small number of participants in the present study as compared with other studies.
In the preliminary study on u-COT and s-COT we experienced that one of the smokers had a lower level of u-COT than would be expected from the s-COT level, 1000 ng/ml and 420 ng/ml respectively. A low level of creatinine in the urine sample indicated dilution.
Also, one of the known nonsmokers had high levels of u-COT as well as s-COT, 1.0 mg/ml and 75 ng/ml respectively. He had been passively exposed to high levels of tobacco smoke during the previous 12 hours.
At a later control the levels were normalized. This observation showed that passive smoking may be a source of elevated urinary as well as serum cotinine level in nonsmokers. In this study u-COT and s-COT seem to discriminate quite equally between smokers and nonsmokers. As serum is less vulnerable to manipulation, s-COT may be preferable for the validation of smoking status, although urine sampling is often more feasible.
When considering s-SCN, s-COT and CO-ex separately, some of the 11 misclassifications by s-SCN (Table 2 ) may result from variations in the dietary intake of SCN during the sampling period, which poses a limitation in the use of the method. Seven subjects were misclassified by s-COT separately. Among the smokers, misclassification may primarily take place among low consumption smokers. We know that at least one of the misclassified nonsmokers had been exposed to passive smoking. Given a shorter sampling period, s-SCN and s-COT might discriminate equally between smokers and nonsmokers.
The present results indicate that monitoring CO-ex is both specific and sensitive. The applied method is simple and versatile, using only a portable monitor, and the results are displayed immediately.
When combining two methods, none of the nonsmokers were misclassified by the applied combination ( Table 2) . Three of the four smokers that were misclassified by two methods, smoked two cigarettes or less per day. When combining three methods, none of the smokers or nonsmokers were misclassified. However, combining three methods only results in a marginal nonsignificant improvement as compared with two methods, and also when compared with COex separately. The present results indicate that CO-ex is sufficient for discriminating smokers from nonsmokers. However, when validating smoking cessation it seems appropriate to add a smoking indicator with a longer biological half-life, because of the possible selection of atypical smokers. One should choose between s-SCN or s-COT depending on the duration of the sampling period and the aim of the study.
The correlation coefficients between the weekly tobacco consumption and the level of the different smoking indicators presented in Table 3 , correspond quite well with the results in other studies. 9 - 13 Based on the short half-life of carboxyhaemoglobin 'tobacco consumption on the day of counselling' was expected to be preferable as an indicator of the amount of tobacco. The results do not support this assumption, which possibly could be explained by smokers having a background level of carboxyhaemoglobin depending on their average tobacco consumption. Lack of correlation between the quantity of tobacco smoked and the smoking indicators could result from a number of factors related to the uptake of components; i.e. brand, tip length, and puffing frequency and depth. Factors influencing the kinetics, i.e. passage through membranes, rate of respiration, body mass, renal function, and pH of blood and urine, may also distort the results. It is possible that these factors may affect the levels of the smoking indicators among 'high-yield smokers' to a greater extent than among smokers of medium-yield brands. The generally low correlation coefficients in Table 3 possibly indicate that the amount of tobacco consumed is not fully reflected in the internal dose of tobacco components. Hence, the present smoking indicators may reflect the internal dose of tobacco components more closely than does smoking information. The high correlation coefficients for CO-ex as compared with s-SCN and s-COT may indicate that CO-ex is the most accurate predictor of the internal dose. An explanation for this could be the simple mechanism for uptake, metabolism and excretion of CO. However, as this study was not primarily designed to validate the tobacco consumption, no firm conclusions can be drawn on the relationships between the level of tobacco consumption and smoking indicators.
